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SYSTEM CONDITIONS HARMFUL TO COMfRESSORS
DIAGNOSIS AND PREVENTION

Melvin A. Ramsey, Consulting Engineer
14 Summit Street, Glen RidgQ, New Jersey

A refrigera ting system should be so designed that it delivers refrigera nt to the
compresso r at acceptabl e condition s and
allows discharge at a pressure suitable
for the compresso r limitation s when related to the refrigera nt entering condition. Compressi on ratio and refrigera nt
character istics are important factors but,
the condition s of liquid with the suction
gas and too high suction gas temperatu re
are all that can be considered in this
discussio n.

unit to its rate of heat output, due to
friction, is high. As the compresso r increases in size, the proportion of friction heat lost to the surroundin gs is very
small. Most of this heat, which is about
100 BTU/hr for each CFM of compresso r displacement , must be removed by the refrigerant vapor before it enters the compressor cylinder. The weight rate and temperature of the suction vapor must be such
that it will remove this heat without excessive compresso r temperatu re. This is
important because the relatively light oil
necessary for low temperatu res in the evaporator must not be at too high a temperature to have the necessary lubricatin g
value.

There are indication s that some liquid refrigerant and relatively high temperatu re
vapor are not detriment al to screw type
compresso rs. Thus some of the comments as
to the effect on positive displacem ent
compresso rs may apply only to reciproca ting or rotary types.
It is well known that the return of liquid
in considera ble proportion s (in a form referred to as slugs) may cause immediate
rupture of some of the compresso r parts.
There seems to be much less appreciat ion
of the harm resulting from a return of a
portion of the refrigera nt in finely divided drops, or a mist, of liquid. This dilutes the lubricant on the cylinders and
reduces the useful life of the compresso r.
For example, it has not been considered unusual for a 1750 RPM, about 3" stroke compressor to require new liners and rings
after 15,000 hours operation . When such a
compresso r was used with a system which returned liquid free, nearly saturated vapor,
there was no apparent change in performan ce
after 45,000 recorded hours of operation .
Most of the present reciproca ting compressors discharge a large portion, or nearly
all, of the friction heat to the refrigerant vapor. (With hermetic machines the
waste ~eat of the motor is usually added.)
The smaller compresso rs may transfer a considerable part of the heat to the surrounding air without excessive temperatu re rise
because the ratio of the surface of the
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CAUSES OF LIQUID IN SUCTION GAS
1. A sudden increase of compresso r capacity as occurs when an additiona l cylinder, or cylinders , become effective. This reduces suction pressure,
causing the superheat control type of
expansion valve to move towarq the
open position (a 4 psi decrease changes most valves from closed to fully
open) and pass refrigera nt at a greater rate than required. Cooling of the
expansion valve bulb will correct this
condition but this cooling takes some
seconds while the pressure change is
nearly instantane ous.
2. Opening of a liquid line solenoid of a
circuit in a multicirc uit system in
which operation was already taking
place with one or more of the circuits
in use at normal evaporatin g temperature. The bulb of the expansion valve, to which liquid is now supplied,
is warm resulting in the valve being
wide open. Even though the load on
this circuit may be low, the valve
will pass liquid at its highest rate
until the temperatu re of the bulb has
been reduced to that correspon ding to
the pressure plus the superheat setting. Some tests showed periods as

long as 85 to 120 seconds before the
valve started to control,
3, A sudden increase in load such as caused by warmer liquid reaching a chiller
or opening the face dampers of a face
and bypass arrangement, This will increase the boiling rate and may cause
boil over into the suction line.
If
the compressor effective displacement
remains constant at this time, the
pressure will rise and move the expansion valve toward a closed position.
This will reduce the rate of liquid
feed to the coil and help terminate
the boil over,
4. Boiling over of a flooded chiller because of overloading during pulldown,
or from some other cause, or due to a
poorly designed or otherwise inadaquate surge drum,
Of course there are other causes including defective expansion valves or
other controls,
CASES OF LIQUID WITH SUCTION GAS
One fallacy has confused many,
This is the
belief that if the temperature of the gas
is above that corresponding to saturation
at the existing pressure (indicating superheated gas) there can be no liquid present,
This concept results from the knowledge
that liquid and superheated gas cannot exist, in equilibrium, together. However,
there is no assurance that a condition of
equilibrium exist at a poiht in a suction
line, With a velocity of probably 10 to
60 ft/sec, the mixture is in the suction
line for a very short time to expect equilibrium,
Several cases will illustrate the condition.
1. Probably one of the most striking cases
of liquid with superheated gas was in
the 5" or 6" steel pipe between the
first and second stages of a large horizontal ammonia compressor.
In the
header through which this hot discharge
gas passed, at about 20 psig (6F saturation equivalent) liquid was injected
with the intent of desuperheating the
gas, Unfortunately, the design was
such that the liquid was not in a fine
mist which would have given reasonable
results.
Instead it ran out of some
holes in a perforated pipe inside of
the header.
This liquid ran along the
bottom of the header and down one side
of the pipe. One side of the pipe was
too hot to touch and the other was
frosted,
2, Another case involved a direct expansion brine chiller using R-22 to low-
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er the brine to -20F with evaporation
at about -30F. The compressor was a
six cylinder with three groups of two
cylinders each. One group was vertical and the others at a 60 angle on
opposite sides,
Both suction and discharge valves were in the cylinder
heads with a dividing partition in the
center of the head between discharge
and suction. The suction side of the
two side groups was the lower side,
The particular path for the gas to
each pair of cylinders of this compressor is such that more of the compressor friction heat is added to the
gas to the two side pairs than to the
gas going to the vertical pair. With
all gas entering the suction of this
machine, the suction side of the head
of the vertical pair would be slightly
(but sensibly) cooler than that of the
two side heads, Any liquid, because
of its inertia, would go more to the
side pairs.
The suction gas passed through a shell
and coil heat exchanger before reaching the compressor and the suction
line was about 40 to 50F as it entered
the compressor.
The pressure, at the
time, was about 10 psig (-20F sat.
equiv.).
Applying a hand to the suction side of
each pair of cylinders showed the side
pairs to be appreciably cooler and
demonstrated the presence of liquid
refrigerant. Others present were not
convinced and called attention to the
excessive superheat which was contributing to the short compressor life
with single stage to a lOOF condensing
temperature.
Their doubt was short lived because
the head bolts of the suction side of
one side pair of cylinders were so
loose that a leak started, Liquid refrigerant ran out on the floor where
it boiled,
3, In another case, there were two duplex
eight cylinder compressors (a total
of 4 compressors), Each duplex was
the common arrangement with a double
shaft motor between two compressors.
The suction line to each duplex unit
came from one end, drppped about a
foot in the space between them and
divided, See Fig, 1. At the dividing
point, one line continued in the same
general direction as the common line
before it dropped to a compressor, The
other went in the reverse direction to
connect to the other compressor. · At
various times, during operation, the

bran ch whi ch ran in the same dire
ctio n
as the main was foun d to be at
leas t
lOF coo ler than the one whic h
wen t in
the opp osit e dire ctio n,
Cer tain ly, if ther e were only
gas in
the suc tion line , it wou ld be
imp
ble to have the div isio n of this ossi resu ltin g in the tem pera ture of type
the
two stre ams so diff ere nt,

-

--

FIGURE l

4. A two stag e refr iger atin g syst
em
liqu id to abo ut -lSF in one chi cool ed
ller and
wat er to +40F in ano ther . Both
ers were floo ded type usin g R-22 chi ll-20F and +35F eva pora ting resp , with
ecti vely .
The firs t stag e com pres sor took
from the -20F eva pora tor and discthe gas
harg ed
to the suc tion of the seco nd stag
e com pres sor,
The seco nd stag e com pres sor
took this firs t stag e disc harg
e and the
gas from the +35F eva pora tor and
dischar ged to abo ut l05F cond ensi
ng tempera ture ,
With prop er floo ded chi ller desi
ope rati on, the gas shou ld leav gn and
e the
-20F eva pora tor at abo ut -20F
and free
of liqu id. With such a con diti
on enteri ng the firs t stag e com pres
sor, its
disc harg e ~.;ould be abo ut 90-l OOF
. How eve r, this tem pera ture was +35F
resp ond ing to satu rati on) , With (cor the
tem pera ture indi cati ng satu rati
on ther e
wou ld be no evid ence as to whe
not liqu id was pres ent in this ther or
dischar ge gas,
The con diti on of the dischar ge from the seco nd stag e at
abo ut
150F show ed that litt le or no
liqu id
reac hed the seco nd stag e suc tion
.
Usin g the pres sure -ent halp y cha
rt it is
foun d that at leas t 8%, by wei
ght, of
the refr iger ant ente ring the firs
stag e suc tion was in liqu id form t
.
Ope rati on, even with this liqu
id retu rn
rate , appe ared per fect ly sati sfac
tory .
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The re was no soun d from the com
pres sor
to sug gest any thin g wron g. Unf
ortu nate ly, afte r abo ut 700 hou rs
of ope ratio n, the com pres sor requ ired
new
line rs and ring s,
CHECKING FOR LIQU ID WITii SUCTION
GAS
When liqu id in sma ll drop s is
bein g carried alon g by the gas, it wil l
usu ally not
be app aren t from the outs ide of
the pipe
or a tem pera ture read ing.
The re are var ious meth ods of chec king for its
pres enc e,
Som e of thes e are base d on its
sep arat ion,
or par tial sep arat ion. Ano ther
is base d
on tem pera ture and pres sure mea
sure men ts
of the suc tion and disc harg e gase
com pari son with the valu es whic s and
h
app ly if ther e is no liqu id with wou ld
the suction gas,
It is also ofte n pos sibl e to
disc ove r the pres ence of liqu id
by a restri ctio n (suc h as a par tial ly
open valv e)
in the suc tion line ,
LIQU ID SEPARATION OR PARTIAL SEPA
RATION
The desi gn of the com pres sor alre
tion ed, when it is the six cyli ady men nde r mod el,
had gas path s whi ch resu lted in
sep arat ion and mad e it pos sibl par tial
e to sens e
the resu ltin g tem pera ture diff
eren ce, with
the hand , befo re com pres sion ,
Sinc e this
ofte n resu lted in tem pera ture s
like lOF in
rang es from 20F to 50F, ther e
was litt le
dou bt as to whic h head was warm
er
othe r. This type of chec k is alm than the
ost nev er
pos sibl e with pres ent com pres sors
beca use
the suc tion gas seld om, if eve
r, pass es
thro ugh the head , Alth oug h the
same con dition s whic h resu lted in a lowe
r suc tion
tem pera ture also resu lt in a low
er dischar ge tem pera ture , it is rath
er
to sens e, with the hand , diff eren diff icu lt
ces like
lOF when both tem pera ture s are
arou nd l40F
or high er.
Whe n ther e are diff ere nt flow
path
or more com pres sors (suc h as show s to two
l) whe re the ine rtia wou ld tend n in Fig .
the liqu id selectively~ tem pera to deli ver
fere nce s can show the pres ence ture difof liqu id.
If an adeq uate and prop erly desi
trap is inst alle d in the suc tiongn suc tion
line , any
liqu id wil l be coll ecte d in it.
Ther
e it
can be iden tifie d by sigh t glas
s, by dra ining off a litt le or by othe r mea
ns,
This meth od was used to conv ince
the design er tha t liqu id was retu rnin
g with the
suc tion . Aft er the com pres sor
had been
dam aged by wha t the com pres sor
man ufac ture r was conv ince d was liqu id,
it was agree d that the own er wou ld have
the reco mmen ded trap inst alle d, Aft er
inst alli ng
the trap , the syst em wou ld be
ope rate d in
a norm al man ner with star ts and
stop s and
cap acit y chan ges.
The com pres sor man ufac ture r agre ed that , if no liqu id
were caug ht

in the trap during an hour of such operation, he would pay the cost of the trap and
In the cases where this
its installation ,
was done, liquid was collected,

discharge temperature,
.lZ8

P.$1A

TOO LOW DISCHARGE TEMPERATURE
It is possible to learn much from a calculation of what the discharge temperature
should be and comparing this value with the
actual discharge temperature.
The calculation can be made from capacity
and power data for the particular compressor at the actual suction and discharge
It can also be made from the
pressures,
displacemen t, volumetric efficiency and
friction power data for the compressor,

R-ZZ
I

As an example of the first method, suppose
a system is operating with refrigerant 22.
At the entrance to the compressor, the
pressure is 69 psig (correspondi ng to 40F
saturated) and the gas temperature is 65F,
The discharge pressure is 213 ps·ig (corresponding to 105F saturated), The liquid refrigerant, at the entrance to the expansion
valve, is at 100F, The rating for the compressor, at these conditions, is given as
82,1 tons, requiring 79,0HP, (If the rating
is not given for the actual operating condition, it can be obtained by interpolatio n
and corrected for differences of liquid and
suction conditions,)

7
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FIGURE 2
Temperature and pressures must be taken
with reasonable accuracy. Experience with
use of this method has shown the calculated discharge temperature always within
10F of the actual, when no liquid enters
the compressor,
Incidentally , it might be mentioned here,
that it is well worth while to check this
discharge temperature occasionally since
it can give indications of other undesirable conditions, When this was done for
one compressor, it was found that the discharge temperature was 80 to 90F higher
than it should be for the suction conditions. A calculation showed that the enthapy rise was about twice as large as appropriate, thus indicating that the energy
was being added to about half of the normEvidently the compressor was
al gas flow.
compressing all of the gas about twice and
a leak between discharge and suction existed. An examination showed the relief
valve (between discharge and suction chambers of the compressor) was defective,

Refer to the skeleton pressure enthalpy
chart for R-22 in Fig, 2, At 83.7 psia
(69+14,7) and 65F, the enthalpy is
112,5 BTU/lb, From the complete chart or
an R-22 table, the enthalpy of 100F liquid
is 39,3 BTU/lb. Each pound of refrigerant
gains 112.5-39,3 = 73,2 BTU/lb. so that the
compressor handles
82 .1x200/73, 2 = 224 lbs/min,
The 79.0 HP corresponds to
79,0x42.4 == 3350 BTU/min, With a compressor
of this size, nearly all of this energy is
The surface of
added to the refrigerant.
the compressor and the temperature difference between the compressor surfaces and
its surroundings could hardly account for
more than about 3% of the 3350 BTU/min.
Thus the enthalpy of the refrigerant vapor
leaving the compressor should be about
ll2, 5+3350/224 = 127.0 BTU/lb. Refferring to
Fig, 2, it will be noted that, at 228 psia
and 127,-0 BTU/lb, the temperature is
slightly over 170F,

During operation, with the defective valve
the compressor was only producing about
half capacity but this had not been noticed because, at the particular time of
the year, no more was required.
REDUCTION IN SUCTION LINE PRESSURE
If a restriction (such as a partially
closed valve) can be imposed in the suction line, the resulting temperature drop
can usually indicate the presence of existing liquid. For example, assume refrigerant returning at 60 psig and about
45F indicated temperature, A valve is
closed so that the pressure after the
valve is 45 psig.

If the discharge temperature is much less
than 170F when other conditions are as described, it is evident that some liquid is
present in the gas entering the compressor,
Of course, if an oil cooler, water jacket
or other means is used to remove heat from
the compressor, the value of the heat so
removed must be deducted in calculating the

This reduction in suction pressure will
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reduce capacity 20-25%,
If the compressor
had been operating at part capacity, conditions on the suction side may be kept unchanged, if coincidenta lly with imposing
the restriction, the compressor capacity is
increased by 25-33% to maintain the same
pressure before the valve, Suppose this
change has been made, and the pressure is
60 psig before the valve with 45 psig
after,
If there is no liquid with the gas,
the refrigerant temperature will change
from 45F before the valve to about 40F. If
liquid is present, the temperature after
the valve will be less than 40F and may be
as low as 22F.
(About 3% liquid, by
weight, would result in the 22&)
It may be that the only valve in the suction line is the compressor service valve,
This will serve the purpose when, as is usually the case, the temperature of the gas
can be measured after the valve but before
heat is added by the compressor.
When an evaporator pressure regulating valve is used, the restriction already exists.
Temperatures and pressures at the inlet and
outlet will provide what is needed to show
the presence or absence of liquid,
When a restriction is to be imposed in the
suction line, and no compensating increase
in compressor capacity is possible, the
check for liquid is still valid but, of
course, it is made at different low side
conditions,
The lower heat removal rate
from the evaporator might eliminate liquid
carryover which existed at the higher rate,
DESIGN TO ELIMINATE LIQUID TO COMPRESSOR
In spite of all that is known about the
danger of liquid to a compressor as well as
how to design to assure that no liquid will
reach the compressor, systems which return
liquid to the compressor periodically or
almost continuously , are still being installed,
In many cases, liquid traps, or separators,
installed in suction lines are too small or
otherwise inadequate to separate the liquid
from the gas and keep the liquid in the
trap,
Two recent installation s had so
called ''suction line accumulators " (at
least 3 or 4 on each installation ). Each
accumulator on one system was the vertical
type with the gas line entering the side,
fairly high, with a 90~elbow turning down
at the center.
The gas leaves by a 90°elbow, turned up, very near the top. On the
other system, each accumulator is a horizontal type of a fairly well known make,
When liquid enters any of these vessels, it
leaves instantly, with little or no accumulation in the vessel. The reason for this
is that, for the aesign, the vessels are
all too small.
The tendency of the vapor
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to carry liquid with it varies with the
square of the vapor velocity times the ratio of vapor density to liquid density,
When separation is by gravity, it has been
found that:- (vapor velocity in ft/min)2
times ratio of vapor to liquid density,
must be less than about 85 for reasonable
certainty of separation. When the gas
must go down and back up, as in the vertical one described, it may be necessary to
provide a larger cross section to accommodate the two directional flow.
It is difficult to understand why one
would make a trap like the two just described when a vertical cylindrical drum
with tangential entrance (see Fig, 3) can
be less than half the diameter required by
the other type to be effective.
An experience with an ammonia system gives
rather conclusive evidence of the superiority of the tangential entrance type over
the one with the 90°downturne d elbow on
the entering line and the 90°upturned elbow, above it, on the leaving line,
The system was about 60 tons capacity at
about 24 psig or +lOF evaporating, The
suction line was 2" and the temperature of
this pipe was about 60F,
The compressors
were the relatively slow speed vertical
single acting type,
The trap was 8" diameter with 2" in and out.
The refrigeratio n contractor reported that
after less than three hundred hours operation, it was necessary to rebuild the compressor, One compressor was dismantled at
the time so that the type of wear of pistons, rings and cylinders could be seen,
From this it was clear that liquid was
causing the damage by removing the lubrication from the cylinders,
The first observation, when this diagnosis
is proposed is how can liquid be present
with suction gas at 40 or 50F superheat.
It happened that, in this case, occasional
s·pots of frost would appear and disappear
on the sides and top of the uninsulated
suction trap, Of course, this was rather
conclusive evidence of liquid,
The next question was as to why the suction trap~~not separate it, A quick calculation indicated that a trap of that type
should be about 20" diameter and preferably have larger connections, However, if
the tanjential entrance type trap were
used, the 8" diameter would effectively
separate the liquid.
Because of the urgency, the change was
made by closing the existing trap entrance
and making a new 2" tangential entrance about 4" below the old one. As soon as the
system was again operated, liquid collected in the bottom of the trap from where it

of 170F has been given by at least one
It is wise to design for
manufacture r,
less because minor variations from expected conditions often result in increases above design.

was evaporated by the liquid coil already
The compressor problem was
in the trap,
eliminated.

If no oil cooler is used, practically all
of the compressor friction heat must be
removed by the refrigerant vapor before it
If an oil cooler is
enters the cylinders,
used, its heat removal capacity should be
If the friction heat exceeds the
known,
oil cooler capacity, the excess must be
removed by the vapor before it enters the
The vapor weight rate and temcylinder.
perature must be adequate to absorb the
heat at a temperature which does not result in too high oil temperature.
It is impossible in a discussion so limited as this, to give any detailed description as to the design for proper temperature of the compressor or acceptable limitation of discharge temperature, Many
factors influence the result, including
the refrigerant characteris tics, the temperature range in which it is used, the
compression ratio in the cylinder, the
temperature of the suction gas and the
heat to be removed from the compressor.

FIGURE 3
The tangential entrance trap has another
advantage when used with refrigerants at
conditions where superheat (even resulting
from useful refrigeratio n) is thermodynam ically undesirable. The vapor enters the
There is
trap and moves toward the outlet,
practically no tendency for vapor to circuThis
late in the lower part of the trap.
is very evident from the higher temperature
of the lower part of such a trap when uninsulated and surrounded by air at 30F or so
above the refrigerant vapor, if no liquid
This is noted even on traps
is entering,
with no warm liquid coil in the bottom.
Only li~uid goes to the bottom and any heat
entering the lower part, through its surface or from a liquid coil, serves to evaporate liquid without heating the vapor
appreciably.

CONCLUSION
No matter how good a compressor is, it
must operate within the limits for which
If the system is so deit is designed,
signed as to force the compressor to operate outside its limits, results will be
unsatisfacto ry. The life of the compressor
will be reduced, possibly to a small fraction of what should be expected. Unfortunately, the user usually blames the compressor,
Everything necessary for design of a system so that the compressor will operate
within any specified limits, is known.
For user satisfaction and less undeserved
costs for the compressor manufacture r,
more effort should be made to have the
system designed by one who really understands all the factors which apply.

Of course, the vertical cylindrical tangential entrance vessel is also the lowest
cost effective design for the surge drum
of a flooded evaporator.
If there is any possibility of liquid leaving the evaporator with the refrigerant
vapor, a properly designed trap of adequate
size, should be installed in the suction
line. Means must be provided to evaporate
the refrigerant liquid at the average rate
it is collected and also return the oil,
which collects, after proper filtering and
If the vapor goes
removal of refrigerant,
to more than one compressor, the oil must
be returned to the compressors in the proportion required,

If a system gives trouble, replacing a
damaged compressor, without finding the
cause and making the necessary corrections
is likely to result in more user dissatisfaction and further cost to the compressor
Correctly diagnosing the
manufacture r.
cause and a complete explanation to the
user, will reduce cost for everyone and
result in more user satisfaction .

DESIGN FOR VAPOR RATE AND TEMPERA1URE
REQUIRED
Compressor oil temperatures should usually
be kept from exceeding about 150F. A limit
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